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«  ANSYS$%} Intel — “Sandy Bridge”
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Scalable licensing
* ANSYS HPC (per-process)

* ANSYS HPC Pack

— “Virtually Unlimited” parallel on single job

— Best solution for extreme scaling needs

— Parallel enabled increases quickly as packs added
* ANSYS HPC Workgroup

— Volume access to HPC for many users running
‘everyday’ HPC jobs

* ANSYS HPC Enterprise

— Similar to HPC Workgroup but deploy and use
anywhere in the world

Single HPC solution for FEA/CFD/FSI and any
level of fidelity

Size of HPC User Environment

Cost-Efficient HPC Flexibility per Parallel Process
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* 2 ANSYS HPC Parametric Packs

M &=t S0| Jiol XI= Beamll Shell R &~ & AIE 6=

Semi-submersible2] A o}=0oH A
A =28 .EL2HA e SES XAE

@& B2~ : Pontoon SJH, Base column S|

(16 design points)
ALKl ALES :
—- 232,583 £ &, 230,770 24

— OFESIN : Dell workstation with dual Intel® Xeon® E5-2690 (2.90 GHz, 16 cores),
256 GB memory, all jobs running 2 cores

ol &0l AtE= ctold A

1 ANSYS Mechanical
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400
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Time
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— K-Epsilon Model with Standard Wall Functions
- 52,000 & &, 280,000 24~

— OIESI 0] : HP workstation with dual Intel® Xeon® E5-2687W

(3.10 GHz, 16 cores), 128 GB memory
ol & 0l AH=E& 2ol A

* 1 ANSYS Fluent

* 2 ANSYS HPC Parametric Packs
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E  InputParameters
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= @ Fiuid Flow (FLUENT) (A1)
b rt
[
E‘p New input parameter
= Output Parameters
= @ Flud Flow (FLUENT) (A1)
Bl P3
pd P4
l;c] New output parameter

2500
2000

Total
Elapsed 1500
Time 1000

min.
[min.] 500

Acknowledgment: Paul Schofield and Jiaping Zhang, ANSYS Houston
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1 x ANSYS HPC Packp> 6 CPU Cores +

= 8 HPC & (=|(H 4 GPU)

2 x ANSYS HPC PackP>

= 32 HPC & (X/H 16 GPU)
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nVIDIA

Tesla Al 2| £
- Fermi C2050, C2070
- Kepler K20, K40, K60
Quadro 6000
Quadro K5000
Quadro K6000

MS Windows 64bit Hl &

Linux 64bit H &

Intel

Xeon Phi 7120
Xeon Phi 5110
Xeon Phi 3120

Linux 64bit Hl &
(Red Hat Linux 5.x Al 2!)
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Static Sparse, PCG, JCG
Buckling Block Lanczos, Subspace

Modal Block Lanczos, Subspace, PCG Lanczos, QR Damped, Unsymmetric, Damped
Harmonic Full method(Sparse)
Transient Full method(Sparse, PCG, JCG)

» SH Y GPU AIE X| 8t

S sH 57 GPU ALE HI &t
SMP Sparse CHXI 10H2] gPUBH E 4 3t
(Shared memory parallel) PCG, JCG PE QEEGPU AL
DMP Sparse GPU AIE ==Jl CPUAIE+=E =W E = US
(Distributed memory parallel) PCG, JCG P= REEGPU M3

= GPU JI=0| XIR & X &
» Intel Xeon Phi= AfCEHO]

S AHSAI GPUIISS SAISHGHR 2D ol &3
T2M 2H LU0 K (SMP ZHEH X))




GPU 7}

N Mechanical

= Mechanical APDL

2d%}

M\ 150: ANSYS Mechanical APDL Product Launcher

File

Hostname: ssiiviz T RN

|w| Use GPU Accelerator Capability

ansys150 —acc nvidia—na N
=2

ansys150 —acc intel -na N

= GPU AFZ Al -na

=Ruk—NPSKe]ON

OR

oro

Ls & O

A\ 15.0: ANSYS Mechanical APDL Product Launcher
File Profiles ions  Tools  Links  Help

Simulation Environment:

License:
ANSYS Multiphysics

Hostname: ssvz T DR L iy

(absolute path required)

B

L Default2 —na 10| X| &

= Input Ut LHSE 0l ACCOPTION HE (| AHE2 2 GPU &4

20
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My Computer Add Local

My Computer, Background

Distribute Sclution (if possible)

Add Remot
g Max number of utilized processors: |4—
= Use GPU acceleration (if possible) INWDlA .

Mumber of utilized GPU devices: I2

O Manually specify Mechanical#PDL selver memaory settings

Additicnal

mmand Line Arguments:

v

Use GPU acceleration (if possible) |NVIDIA

Mumber of utilized GPU devices: IE

21
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SP-1 SP-2
Model Universal Joint Model Peltier Cooling Block
Name Name
ATETEE Static, Nonlinear, Structural COELEE Static, Nonlinear, Thermal-Electric Coupled-Field
Type Type
Solver . Solver .
Choice Sparse, Real-Value, Symmetric Choice Sparse, Real-Value, Symmetric
Element | SOLID186 Element | SOLID226, SOLID,227
Type (Nodes : 144,218, Elements : 99,609) Type (Nodes : 277,715, Elements : 152,717)
17 Iterations ™7 Iterations
Small sized job Medium sized job
FE b FE -
Model Model

24
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SP-3 SP-4

UELE Semi-Submersible NIZEE Carrier

Name Name
CIELEE Transient, Nonlinear, Structural COELEE Harmonic, Linear, Structural

Type Type

Solver . Solver .

Choice Sparse, Real-Value, Symmetric Choice Sparse, Complex-Value, Symmetric
Element | SHELL281, BEAM189 Element | SOLID187

Type (Nodes : 396,795, Elements : 136,867) Type (Nodes : 332,362, Elements : 222,005)

" 11 Iterations il 4 Frequencies
Large sized job Large sized job
FE FE
Model Model m

25




SP-5
UELE Turbine
Name
CIELEE Static, Nonlinear, Structural
Type
Solver .
Choice Sparse, Real-Value, Symmetric
Element | SOLID187, CONTA174. TARGE170
Type (Nodes : 715,008, Elements : 483,631)
. ™ 1 Iterations
Large sized job
A
FE -
Model
b

26
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e RISO|A A2L
Subspace eigen solver X| &l

e Subspace eigen solver—=

SMPQ} DMP 7| = K| &

2.09 MDOFs
first 20 modes

50

oo

® 30
= 25
)]
2 20
[}
w15
10

Distributed Eigensolver

45 +
40 -

& 35

—&—SMP LANB
—8—SMP SUBSP /
== Distributed SUBSP /

2 1
Number of Cores

27




NVIDIA
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Q15 y
S KT/ — —#A—SMP-Subspace(+1GPU)
=}
% =>4=DMP-Subspace
= 1 o

0.5

0
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Core ==
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NVIDIA

8 Cores+1GPU |

2.5

N

W 14.5 SMP, 8Cores+1GPU
m 14.5 DMP, 8Cores+1GPU

I9 15.0 SMP, 8Cores+1GPU |
|
|m 15.0 DMP, 8Cores+1GPU |

=
"

Relative performance scale
(=Y

0.5

SP-1 SP-2 SP-3 SP-4 SP-5
Sparse solver BMT problem

» R14.50f H|of R15.0 =& &F&
29 = SMP 2CF DMPJF S &0 2 10 Core =J =22t& [l &2



NVIDIA

SNE

2.5

B SMP, 2Cores
B SMP, 2Cores+1GPU

Relative performance scale

SP-1 SP-2 SP-3 SP-4 SP-5
Sparse solver BMT problem

ol
)a

- SMP £H/0fl GPU Jt£2 SH8 32 Hat &5
e

30 = SP-5 = Ml SEHO CHoH CHAl otLEe] HPC 2t0l A =Dt= 2581 Ol & 2] A& S5

.
0
0
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SP-2 SP-3 SP-4 SP-5
Sparse solver BMT problem

£2 XOIE PR A ST} B
C 2HOI&A X122 4HY 0] &L H &
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B DMP, 2Cores+1GPU
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SNE

2.5

N

=
u

Relative performance scale
=
|

0.5 -

SP-1

DMP & JI& 3

= SP-5 = Al SEHO

8
CH

SP-2

HPC = ¢
ol A= GPU

1

SP-3
Sparse solver BMT problem

=
T

Jt

W
i

I
0x

SP-4

ol
09

0z

SP-5

NVIDIA

B DMP, 8Cores
B DMP, 7Cores+1GPU
m DMP, 6Cores+2GPUs



NVIDIA

SP-5

)]

w

I

m DMP, 2Cores
B DMP, 4Cores
= DMP, 8Cores

w

Relative performance scale

N
]

-
|

None 1 GPUs 2 GPUs
GPU 7}

= SP-5 BIX| 03 HIAE =X
33 *GPUJLLIH =012 [ S= 40| &3
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Xeon Phi cardQ} SHH| Sl =l & = SEAF
* Linux 2t ZA0{| A Shared Memory Sparse Solver

Xeon Phi Acceleration (SMP)

8
v, A CPU cores only 6.8x
H CPU cores + Xeon Phi 6.0x
6
o 5.1x
3 ° 4.3
8 \ .3x
3,- 3.3x
3
2
1 i
0 | |
1 core 2 cores 4 cores 8 cores 16 cores

V14sp-5 Model

-~ Turbine geometry

~ 2.1 million DOF

- SOLID187 elements

- Static, nonlinear analysis
- One iteration

- Sparse direct solver

v,

Linux workstation (16 Intel Xeo
n E5-2670 cores @ 2.6 GHz, 1
7120A Xeon Phi, 64 GB RAM)
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Part. 1 ANSYS CFD R15.0
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R&D project to improve HPC

* Investigation of various solver
parallel scalability limitations

* Industrial benchmarks

— Single and multi-domain
(incl. two-stage radial
compressor and six-stage
axial compressor)

— Steady and transient

* Implemented improvements
accessible via expert parameter

— Default setting does not
incorporate changes

— https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-

features/release-15/hpc/parallel-optimization

3072 | ]
------ldeal
] 69 seconds
2560 —=—14.5 i T ’
o 1| —a—1s0 /A/-’AL (89% efficient
3 2048 - @2048 cores)
c‘:’ 1 /
v 4 ':'
R / [ ~4X faster
O 1 ;
= 1024 ¢ than V14.5
B |
12 ;\‘\E] | 311 seconds
] (20% efficient
[ A S

' T L. @2048 cores)
0 512 1024 1536 2048 2560 3072 3584 4096

Number of Cores

Solver wall clock speed-up on 150M node intake case

* | 1jO Control | Convergence Control | Physical Models | 4|+

Material Properties
[ realeos liquid prop

Combustion Models

[7] coupled scalars
use kolmogorav ts for extinction

Parallel and Partitioner Contral
parallel optimization level

Value

[7] part cvs weighting B
[7] part mmesh intersetropreem

HEHA



https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization
https://sites.google.com/a/ansys.com/cfx-users/cfx-beta-features/release-15/hpc/parallel-optimization

Industrial benchmark application
* 6-Stage Axial Compressor
* 13M nodes, 14 Domains, 12 Mixing Planes

—H— 14.5 Steady
—f—15.0 Steady |/
| = 15.0 Transient

’
#
#

1 50k

nodes/core

&
’
L
*
#
,
&
#

» 106 seconds

7z

5x faster

Wall Clock SPEEDUP

H

128

Number of Cores

Courtesy Siemens AG, Miulheim, Germany,
ASME IGTI Paper GT2013-94639

256

1 538 seconds
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111 Million cell (truck) model P

Scalable at 10,000 cells per core!

4000 1800
3500 1600
3000 1400
1200
2500
‘u:o téb 1000
= 2000 £
e & 800
1500
600
1000 200
500 200
0 0
0 2048 4096 6144 8192 10240 122¢ 0 512 1024 1536 2048 2560 3072 3584 4096
Num ber.artbrés ____________________ > Number of Cores
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Rating

DLR_96M LES Combustion, CRAY-XE6

1000

900

800

700

600

500

400

300

200

100

0

0

2048 4096 6144 8192 10240 12288 14336
Number of Cores

Gas phase combustion

Thickened Flame Model(TFM)
with Finite Rate Chemistry

Pressure based coupled

96 million cells, hex-core mesh

84% efficiency at 10,240 cores
» Less than 10,000 cells per core!

Cores

1024

2048

4096

8192

10240

65.7518

131.209

256.072

473.856

551.844

100

99.78

97.36

90.08

83.93
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New 2-Domain method

* Balance the continuous and
discrete phase independently

* Over 2x improvement seen for 512-
way parallel

Improved scalability for hybrid
method

* Default method for parallel particle
tracking

246,000 cells, 1 Million particles

B vpi
M Hybrid

2Domain

16 32 64 128 256 384 512

96 Million cells, 1.2 Million particles

///

/ ——R14.5

=4—R15.0

0 2048 4096 6144 8192 10240



42

More efficient parallel 1/0
and startup

* Case read time reduced
significantly at high core counts

* Start-up time for 8192-way :
parallel reduced from 30 F
minutes to 30 seconds i

Effective configuration of

parallel processes

* Use different number of
processes for meshing and solve
modes

7000

6000

5000

4000

3000

2000

1000

150 Million cell case read time

1024 2048 4096 6144 8192 9216 10240



Improved parallel error
handling

* Ability to restore running
simulations to a usable state
after a crash

Faster solutions using GPUs

* Accelerated AMG solver
performance for 3D coupled
pressure-based solver cases

Support for Intel Many-
Integrated-Core (MIC) (B)

* Intel Xeon Phi

Internal Flow Ste ady Computation

Fluent MNVANG

ANIG Total ANG

352 558 74 4. 76
485 LEE) 97 5.0
71 100 86 083x
152 179 111x

Internal Flow Unsteady Computation

ANG Total ANG

1883 3168 354 5.03x
2832 4583 517 5.48x
486 653 454 109x

953 1221 148x

Fluent NVAMG



Part. 2 ANSYS FLUENT with GPU
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Windows :

Fluent Launcher

Dimension Cptions
w 2D 7 Double Precision
4+ 3D _| Meshing Mocde

| Use Job Scheduler
Display Options

7 Display Mesh After Reading Processing Options
7 Embed Graphics Windows i

| Workbench Color Scheme “ Parallel (Local Machine)
Solver
Processes
2 3
GPGPLUs per Machine
i 2
[=] Show Fewer Options

General Options | Parallel Settings | “cheduler | Environment |

Werslon

115.0.0 | 1 Pre/Post Only

Warking Directory

/hame/jpleestest i ﬁl
Fluent Root Path

fappsfansys_inciv150fuent _"l £|

| Use Journal File

ok | Defaut | Cancel | Help |

45

Linux :
Fluent 3ddp -t2 —gpgpu=1

Cluster specification :
nprocs = Total number of fluent process
M = Number of machines
ngpgpus = Number of GPUs per machine

Requirement 1:
nprocs mod M =0
: Same number of solver processes on
each machine

Requirement 1:
(nprocs / M) mod ngpgpus =0
: Number of processes should be an
interger multiple of GPUs



Single-node configurations :

EEEENEER
ENEEEEN[]

16 mpi

8 mpi 8 mpi

Multi-node configurations :

46

5mpi 5mpi 5mpi

smpi [EEENEEE T
smpi |HNNNNNEE EREEEEED
smi [AEEEmEnE B [EEEERERC
smpi |HEENENEE EEEEEEN]]

NVIDIA

7 mpi
7 mpi
7 mpi

7 mpi



- = NVIDIA
Preview of ANSYS Fluent 14.5 Performance — by ANSYS, Aug 2012  [\Y§'§

3000

M Dual Socket CPU Helix Model
4 Dual Socket CPU + Tesla C2075

Lower
is
Better

v

[

o

o

o
|

-~ Helix geometry

~  1.2M Tet cells

-~ Unsteady, laminar
- Coupled PBNS, DP
- AMBG F-cycle on

—

o

o

o
|

ANSYS Fluent AMG Solver Time (Sec)

CPU
- AMG V-cycle on
0 GPU
2 X Xeon X5650, 2 X Xeon X5650, .
Only 1 Core Used All 12 Cores Used NOTE: All jobs
solver time only
000000| @ 000000 O

000000 000000

47



NVIDIA.

e e

Lower
1 2 x K20X felior
M E5_2680(16) ',

CPU Fluent solver:
DILU,
____________ Opre, 3post
GPU nvAMG solver:

DILU,

Opre, 3post

Helix (tet 1173K) Airfoil (hex 784K)

NOTE: Times
!’” - for solver only

48



«f=Helix (Tet 1.2M)
e« Airfoil (Hex .78 M)

~ @=Sedan (Mixed 3.6M)

e==Perfect Scaling

K20X(1)

K20X(2)

K20X(3) K20X(4)

Hardware Setup:

GPU Solver Settings:

DILU, Opre, 3post



04937_Ansys_SxS_R4.mov

NVIDIA.

e NVIDIA Tesla K40c
— Power:245W
— Memory:12 Gb
— GPU Clock : 745 MHz

e Workstation
— CPU : E5-2640W(2.50 Ghz)
— Core:12(6x2)
— Ram : 128Gb
— Video : Standards VGA (on board)
— OS : Windows 7 64bit
— CUDA:5.0

50
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Exterior Flow Around a Passenger Sedan (FL5L2) - sedan_4m

This benchmark represents the computation of the exterior flow field
around a simplified model of a passenger sedan. The simulation
geometry was used for the Japan External Aerodynamics
competition. A viscous-hybrid grid with prismatic cells is used to
adequately model the boundary layer regions.

Number of cells 3,618,080
Cell type hybrid
Models k-epsilon turbulence

Solver Coupled
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e Linux 2} Windows 0l Al GPUs & AI26IH 8= &Aa S E%l

— 12 parallel AF=Z Al CPU Bt AFE St B S (core 12) 2Lt GPUs E &
A28t 3 2(core 8 +4 GPUs) A =0| = U 60% z“c\!%
— 1 H/W 0| Al multi-GPUs(4)E It AF2 Al 450| 70% & AHE

: 12 core vs 12 core + 4 GPUs

e GPUs AIZ &1t
— 4 core 2Lt 3 core + 1 GPUs J} i S
— 6 core 2 C} 5 core + 1 GPUs, 4 core + 2GPUs J} il S
— 8 core 2 C} 7 core + 1 GPUs, 6 core + 2GPUs J} it S
— 12 core 2 C} 11 core + 1 GPUs, 10 core + 1 or 2 GPUs J} it S
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Turbulent Flow Through a Transition Duct (FL5L3)

Turbulent flow of air through a duct is computed for this benchmark.
The cross-sectional planes of the duct transition from a circle at the
inlet to a rectangle at the outflow boundary. The

Number of cells 9,792,512
Cell type Hexahedral
Models k-epsilon turbulence

Solver Coupled
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e GPUs Hil22|J} 12Gb £ 1 GPUs 2= 10 Million cells i & 0] {2 &
— Multi-GPU 2 0|25l ol & JI=

e Linux 2} Windows 0l Al GPUs 2 AIZ6IH 8= §AtS E%

— 12 parallel AtE Al CPU Bt AFE 8 B2 (12 core) 2L} GPUs E &N
A28t 222(8 core + 4 GPUs) A =0| = CH 100% §’§=( X)

— 1 H/W 0| Al multi-GPUs(4)E I AF2 Al 8 =0] 130% SFAHE (2.3x)
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« ANSYS CFD 15.0 8 & Al A=0| 8FAF E

- FLUENT (10,000 cells/core), CFX (50,000 nodes/ core)
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-1 H/W 0| Al multi-GPUs(4)E FJI AtE Al 84=0] 70~130% SFAHE
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